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Abstract 
Two kinds of photosensitive fibers were prepared for on-line writing weak FBG arrays. A Ge/B co-doped fiber was 
designed for high single-pulse photosensitivity and a Ge highly-doped fiber was applied for low transmission loss. The 
experimental results show that the weak FBG arrays written on the Ge/B co-doped fiber have more uniform spectral shape 
and grating reflectivity than those on the Ge highly-doped fiber. The two fibers have stronger single-pulse photosensitive 
than traditional hydrogen-loaded fibers                    
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1. Introduction 
On-line writing weak fiber Bragg grating (FBG) arrays is a process that the FBGs are directly inscribed 
into the fiber during drawing. In this process, the FBGs must be prepared before the application of the fiber 
coating because the fiber coating is usually not transparent to ultraviolet light. Owing to decoating before 
writing FBGs and recoating after the grating exposures, the traditional FBG preparation process is not only 
difficult to handle but also degrades the fiber strength. As well known, the on-line writing process, having 
simple operation and high fiber mechanical stability, can overcome the disadvantages (Askins et al., 1997; 
Hagemann et al., 1998). On the other hand, it is possible to produce FBG arrays without fiber fusion which 
can not be avoided in traditional FBG array construction. Low fusion loss is of importance for weak FBG 
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arrays because fiber fusion greatly suppresses the multiplexing capacity. These advantages attract many 
workers to do the research on on-line writing FBGs (Dong et al., 1993; Askins et al., 1994). 
Since multiple pulses can not be implemented to write on a moving fiber, on-line writing FBG must be 
done by a single laser pulse. The limited energy and irradiating time of the single laser pulse force the fiber to 
have good single-pulse photosensitivity. On the other hand, in order to write uniform FBGs on the vibrating 
fiber, intentionally widen writing spot is required to ensure a uniform energy density in a wider range, which 
will lower the energy density of the writing spot. Therefore, a high single-pulse photosensitivity is required to 
impose on the optical fiber for on-line writing FBG arrays. 
In this paper, we reported two preforms prepared for on-line writing weak FBG arrays. Our work involves 
investigations on the photosensitivity and the transmission loss of the two photosensitive fibers and on the 
FBG arrays written on the two fibers during fiber drawing. 
2. Experimental 
In order to obtain high single-pulse photosensitivity for on-line writing FBG arrays, a Ge/B co-doped fiber 
preform and a Ge highly-doped fiber preform were made by  plasma chemical vapor deposition. The core of 
the Ge/B co-doped preform was doped with 18mol% GeO2 and 10mol% B2O3. The core of the Ge doped 
preform was doped with ~18mol% GeO2. The fiber core diameter and the cladding diameter were 0.07 mm 
and 0.125 mm, respectively. The refractive indexes of the Ge/B co-doped fiber core and the Ge highly-doped 
fiber core were 1.4580 and 1.4882, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Diagram of the system for on-line writing FBGs 
For on-line writing FBG arrays, we employed a production-type drawing tower, which can be operated at 
speeds in the rang of 3-200 m/min for a bare fiber diameter of 0.125 mm. The drawing speed and the bare 
fiber diameter can be stably controlled and displayed. A line-narrowed ArF excimer laser (OptoSystmes 
CL5300) with a beam size of 4 mm x 12 mm, pulse width of 10 ns and maximum pulse energy of 40 mJ was 
used in the FBG writing platform. The FBG writing platform was mounted on the drawing tower near the first 
coating, as shown in Fig. 1. The laser beam was focused to a writing line of 0.7 mm x 10 mm (W x L) using 
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three cylindrical lenses. The horizontal width (W = 0.8 mm) is wider than the bare fiber diameter of 0.125 mm 
in order to avoid the fiber vibrating outside the laser line. 
 In our experiment, the reflective spectra of FBGs were gained by one optical analyzer (Yokogawa 
AQ6370B) with two homemade light sources at 1.3 m and 1.5 m bands. The OTDR spectra of the weak 
FBG arrays were acquired by an optical time domain reflectometer (Yokogawa AQ7260). 
3. Results and discussions 
3.1. Photosensitivity 
Investigation on photosensitivity was conducted on the two photosensitive fibers and a hydrogen-loaded 
optical fiber. The single mode optical fiber (G.652) from Yangtze Optical Fibre and Cable Company Ltd was 
placed in a 9 MPa hydrogen environment for 1 month at room temperature for photosensitization. In the static 
state, three single FBGs were written into the three fibers respectively using single laser pulse with the pulse 
width of 10 ns, the pulse energy of 29 mJ and the beam size of 0.4 mm x 7 mm. The reflection spectra of the 
three FBGs are shown in Fig. 2. The grating reflectivities of the Ge/B co-doped fiber, the Ge highly-doped 
fiber and the hydrogen-loaded fiber were calculated to be about 2.1%, 1.4% and 0.15%, respectively. The 
experimental result that the photosensitivity of the Ge/B co-doped fiber is better than that of the Ge highly-
doped fiber is consistent with the related report (Williams et al., 1993). The Ge/B co-doped and the Ge highly-
doped fibers have higher single-pulse photosensitivity than the hydrogen-loaded optical fiber, and are suitable 
for on-line writing weak FBGs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Reflection spectra of three FBGs written by the phase mask with the pitch of grating period =903.6 nm 
Further investigation on the Ge highly-doped fiber indicates that the spectral shape of the fiber Bragg 
gratings is easily affected. When the energy density of the writing spot was increased by narrowing the 
horizontal width W to about 0.25 mm, the reflective spectrum of single-pulse FBG written on the Ge highly-
doped fiber shakes, as shown in Fig. 3. The phenomenon is not observed in the FBG written in Ge/B co-doped 
fiber under the same condition. The reason for this phenomenon may be attributed to one similarly sinusoidal 
distribution of the writing energy in the fiber direction. Due to higher refractive index in the core of Ge 
highly-doped fiber, the unequal influence of energy fluctuation on refractive modulation can be more 
remarkable. On the other hand, the FBG with reflectivity above 90% can not be attained by multi-pulses 
writing on the Ge highly-doped fiber, which is different from the Ge/B co-doped fiber and the hydrogen-
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loaded fiber. However, to prepare on-line writing FBG arrays with a low reflectivity, either the Ge highly-
doped fiber or the Ge/B co-doped fiber can meet the requirements. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Reflection spectra of the FBGs written by the phase mask with the pitch of grating period =1074 nm 
3.2. Transmission loss 
The transmission loss of the photosensitive fibers is investigated by PK2500 optical fiber analysis system. 
As shown in Fig. 4, the transmission losses at 1300 nm of the Ge highly-doped fiber and the Ge/B co-doped 
fiber are 0.651 dB/km and 2.813 dB/km, respectively, which are not significantly different. However, the 
difference between their transmission losses at 1550 nm is obvious, which are 0.417 dB/km for the Ge highly-
doped fiber and 47.7 dB/km for the Ge/B co-doped fiber. The high transmission loss of the Ge/B co-doped 
fiber at 1.5  results from the strong B-O vibration absorption. With a lower transmission loss, the Ge 
highly-doped fiber seems to be more suitable for writing long-distance and large-capacity FBG arrays. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Transmission loss between 600 nm and 1600 nm of the Ge highly-doped fiber and the Ge/B co-doped fiber 
3.3. On-line writing FBG arrays 
A 200-FBG array was written on each of the two photosensitive fibers, with the pitch of grating period 
=903.6 nm, the drawing speed of 12 m/min and the average drawing tension of about 40 g. To gain a similar 
grating reflectivity, the Ge highly-doped fiber was radiated by single pulse with the energy of 30 mJ, and the 
Ge/B co-doped fiber by single pulse with the energy of 20 mJ. The average grating-reflectivity of the Ge 
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highly-doped fiber was calculated to be about 0.29%, and about 0.26% for the Ge/B co-doped fiber. Fig. 5 
shows the reflection spectra of a single representative FBG and a 200-FBG array. It is shown that, for the 
Ge/B co-doped fiber, the reflection spectrum of a single FBG (Part a) is almost the same as that of its 200-
FBG array (Part c), while for the Ge highly-doped fiber, obvious differences exist between its two reflected 
spectra, as shown in Fig. 5 (b) and (d). The separate tests on their successive 100-FBGs show that their central 
wavelengths have very good uniformity, 1303.637±0.05 nm for the Ge/B co-doped fiber and 1315.85±0.07 
nm for the Ge highly-doped fiber. However, the test results of the Ge highly-doped fiber show obvious 
differences in the spectral shape and the reflected power. The differences are mainly embodied in the intensity 
change of left side-lobe and concomitant with the appearance of the reverse change of main-peak intensity. 
The reflected power of main peak fluctuates from 20 pW to 100 pW. The investigations on the Ge/B co-doped 
fiber show that the spectral shape of the successive 100-FBGs has very good similarity. The main difference 
between them exists in the intensity change of main peak, which ranges from 4.8 pW to 6.6 pW. Fig. 6 Shows 
the OTDR spectra of the two online-writing 200-FBG arrays, in which Part a and Part c are for the Ge highly-
doped fiber, Part b and Part d are for the Ge/B co-doped fiber. Because the central wavelength of the 200-FBG 
array written on the Ge highly-doped fiber is far from the center zone of OTDR light source, the relative 
power of every FBG is weak. From Fig. 6, it is also seen that the uniformity of the 200-FBG array written on 
the Ge/B co-doped fiber is better than that of the Ge highly-doped fiber. The experiment results indicate that 
the Ge highly-doped fiber is more easily suffered from the energy fluctuation of laser pulse and fiber vibration 
than the Ge/B co-doped fiber. Relative to the set value, the output energy of laser pulse presents a fluctuation 
of ±8% in our experiment. During the on-line writing FBG process, the vibration of bare optical fiber in the 
exposure area can be seen in Fig. 7. As the laser energy density in the horizontal direction presents Gauss 
distribution and the horizontal size of beam spot narrows from 4mm to 0.7 mm, the laser energy density of 
writing spot becomes more uneven from the middle to both sides. So the Ge/B co-doped fiber is more suitable 
for uniform FBG array writing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Reflection spectra of a single representative FBG and a 200-FBG array. Part a and c for the Ge/B co-doped fiber, part b and d for 
the Ge highly-doped fiber, the light source power being 2.5 nW and 24 nW, respectively 
4. Conclusions 
Two photosensitive fibers are prepared for on-line writing weak FBG array. A Ge/B co-doped fiber is 
designed for high single-pulse photosensitivity and the other Ge highly-doped fiber is implemented for a low 
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transmission loss. In comparison with traditional hydrogen-loaded fibers, the two fibers have higher 
photosensitivity, of which the weak FBG array written on the Ge/B co-doped fiber has better uniformities of 
spectral shape and grating reflectivity than that of the Ge highly-doped one. If the fiber vibration and the 
energy density uniformity of writing spot are improved potentially, the Ge highly-doped fiber may be an ideal 
candidate for on-line writing of large-capacity and long-distance FBGs sensor array. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. OTDR spectra of the two online-writing 200-FBG arrays 
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Fig. 7. Six shooting photos of the diffraction spot, taken under the condition: the drawing speed of 12 m/min, the average drawing tension 
of 40 g and laser repetition rate of 50 Hz 
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